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Abstract. Based on the use of contour gauge and collinear factorization, we propose a new set
of single spin asymmetry which can be measured in polarized Drell-Yan process by SPD@NICA.
We stress that all of discussed single spin asymmetries exist owing to the gluon poles manifesting
in the twist-3 or twist-2⊗twist-3 parton distributions related to the transverse-polarized Drell-
Yan process.
1. Introduction
The studies of hadron structure are based on the investigations of both semi-inclusive and
exclusive processes which can be described by transverse momentum dependent (TMDs)
and generalized parton distributions (GPDs). The duality and matching between different
factorization regimes are one of importances for the coherent QCD description of hadron
structure. We discuss the manifestation of such effects in the pion-nucleon Drell-Yan process
at large xF provided pions are described by wave functions and distribution amplitudes rather
than parton distributions.
We calculate the gauge invariant Drell-Yan-like hadron tensors. In connection with new
COMPASS results, we predict the new single spin asymmetry which probes gluon poles together
with chiral-odd and time-odd functions. The relevant pion production as a particular case of
Drell-Yan-like process has been discussed. For the meson-induced Drell-Yan process, we model an
analog of the twist three distribution function, which is a collinear function in inclusive channel,
by means of two non-collinear distribution amplitudes which are associated with exclusive
channel. This modelling demonstrates the fundamental duality between different factorization
regimes.
2. Drell-Yan-like processes: new result for pion-nucleon Drell-Yan process
We study the process which has the following schematic representation, see Fig.1
A(↑↓)(p1) +B(p2)→ γ∗(q) +X(PX)→ `(l1) + ¯`(l2) +X(PX), (1)
where A denotes the (transverse)polarized nucleon, B stands for an arbitrary hadron and
l1 + l2 = q has a large mass squared (q2 = Q2). The single transverse spin asymmetry (SSA)
under our consideration is given by
A = dσ
(↑) − dσ(↓)
dσ(↑) + dσ(↓)
,
dσ(↑↓)
d4qdΩ
=
α2em
2jq4
Lµν Hµν , (2)
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Figure 1. The Feynman diagrams which contribute to the polarized Drell-Yan hadron tensor:
the left panel corresponds to the standard diagram while the right panel – to the nonstandard
diagram. Note that the standard and nonstandard diagrams differ by the hard parts [1].
where Lµν is a lepton tensor, andHµν - the QED gauge invariant hadron tensor which corresponds
to the difference between direct and mirror channels in the regime of xF → 1.
In Fig.1, the upper blob with the light-cone minus dominant direction is given by the following
hadron matrix element:
〈P2, S⊥|
[
ψ¯ σ−⊥ ψ
]tw-2|S⊥, P2〉 F∼ ε−⊥S⊥P2 h¯1(y) (3)
and the lower blob with the light-cone plus dominant direction corresponds to
〈P1, S|
[
ψ¯ γ+Aα⊥ ψ
]tw-3|S, P1〉∣∣∣
DY
=⇒ (4)
Dαβ 〈0|[ψ¯γ+(γ5)ψ]tw-2|S, P1〉 γβ 〈P1, S|[ψ¯σ−+(γ5)ψ]tw-3|0〉∣∣∣
piN -DY
which finally leads to (see, [2–6] for details)
B˜(x1, x2) =
1
2
Φtw-3(1) (x1)
~k⊥1~ Φtw-2(2) (x2)
x2 − x1 − i . (5)
where −i stems from the contour gauge: [z−,−∞−]A+ = 1.
For the chiral-odd contributions, within our framework, we predict a new SSA which reads
AT = S⊥
Q
D[sin 2θ] sinφSB
sinφS
UT
f¯1(yB)H1(xB)
, D[sin 2θ] =
sin 2θ
1 + cos2 θ
(6)
where
BsinφSUT = 2h¯1(yB) Φ
tw-3
(1) (xB)
~k⊥1~ Φtw-2(2) (xB) (7)
and f¯1(yB), H1(xB) emanate from the unpolarized cross-section and they parameterize the
following matrix elements. The result is presented in terms of [7]. We want to emphasize that the
predicted SSA (6) exists due to the complexity of B˜(x1, x2)-function (5), i.e. =mB˜(x1, x2) 6= 0.
From comparison with recent COMPASS results on pion-nucleon Drell-Yan process, we can
see that our AT is completely new one. Indeed, the leading twist Sivers asymmetry AsinφSUT which
formally stands at the similar tensor combination εl⊥1 S⊥P1P2 , appears only together with the
depolarization factor D[1+cos2 θ]. In its turn, the higher twist asymmetries A
sin(φS±φ)
UT at D[sin 2θ]
correspond to the different tensor structures, εqS⊥P⊥1 P2 ∼ sin(φS ± φ).
3. Factorization theorem, in a nutshell
Since the main our tool is the factorization procedure, let us outline the principal items of
factorization we adhere. With a help of factorization, a given amplitude of hadron tensor of
any hard processes can be estimated, not calculated, by the well-defined procedure within the
corresponding asymptotical regime. As a result of this estimation, we arrive at the well-known
factorization theorem which states that the short (hard) and long (soft) distance dynamics can
be separated out provided Q2 is large, i.e.
Wµν... =
∫
d4k1d
4k2... tr
[
Φ1(k1)Eµν...(k1, k2, ...)Φ2(k2)...
] Q2→∞
=⇒∫
dxdy... tr
[
Φ1(y)Eµν(x, y, ...) Φ2(x)...
]
+O(1/Q2) (8)
where Eµν...(ki) implies the products of propagators multiplying by the momentum conservation
δ-function, and
Eµν(x, y, ...|kTi = 0), Φ(k) F= 〈O(ψ¯,ψ,A)(z, 0)〉 , (9)
Φ(xi) =
∫
dk+i δ(xi − k+i · n)
∫
dk−i d
2kTi Φ(ki) . (10)
Besides, both the hard and soft parts should be independent of each other, UV- and IR-
renormalizable and, finally, parton distributions must possess the universality property. We
notice that the transverse momentum integral in (10) gives us the possibility for the study of
TMDs. In the other words, the TMDs can contribute through the corresponding moments.
However, if the nontrivial kTi -dependence has been kept in Eµν(x, y, ...|kTi ), the factorization
theorem can be in question. It can be happened, for example, in case we want to restore the
kT -dependent Wilson line in the correlators Φ(ki).
4. Contour gauge and complexity of B(x1, x2)-functions
We show that the contour gauges for gluon fields play the crucial role for our study. The contour
gauge belongs to the class of non-local gauges that depends on the path connecting two points
in the correlators. It turns out, in the cases which we consider, the prescriptions for the gluonic
poles in the twist 3 correlators, see (5), are dictated by the contour gauge [x, ±∞] = 1. Indeed,
one can easily check that the representation with x1− x2 + i in the denominator belongs to the
gauge [x, −∞] = 1, while the representation with x1−x2− i belongs to the gauge [+∞, x] = 1.
Thus, we find that the nonstandard new terms, which exist in the case of the complex twist-3
B-function with the corresponding prescriptions, do contribute to the hadron tensor exactly as
the standard term known previously. This is another important result of our work.
In conclusion of this section, let us briefly discuss the main items of the contour gauge
conception. To describe this class of gauges, we adhere the geometrical interpretation of gluons
where the gluon field is a connection of the principal fiber bundle P(R4, G, pi). Here, R4 is the
base where the principal fiber bundle is determined, G denotes the group defined on the given
fiber and pi is a transformation of the base R4 into the fiber bundle P). The corresponding
path-dependent Wilson factor (or line), representing each element g(x) of the fiber, defines the
gauge-transformed field:
Agµ(x) = g
−1(x)Aµ(x)g(x) +
i
g
g−1(x)∂µg(x). (11)
The set of these fields for all g(x) forms the gauge orbit. In order to quantize a system of the
gauge fields, one chooses the only element of each orbit. In contrast to the standard way, we first
fix an arbitrary point (x0,g(x0)) in the fiber. Then, we define two directions: one of them in the
base, the other in the fiber. The direction in the base R4 is the tangent vector of a curve which
goes through the given point x0. At the same time, the direction in the fiber can be uniquely
determined as the tangent subspace related to the parallel transition. Due to this procedure, we
uniquely define the point in the fiber bundle.
Having solved the parallel transport equation defined on the fiber as
dxα(v)
dv
Dαg(x(v)) = 0 , (12)
we find the solution in terms of the Wilson line:
g(x) = Pexp
{
ig
∫
P(x0,x)
dω ·A(ω)
}
g(x0), (13)
where the points x0 and x are connected by the path P. The starting point x0 is usually fixed.
Here, g(x0) is chosen to be equal to unity. Note that the fixing of g(x) ensures a unique choice
of the element in the orbit. We now insert (13) into (11) and can see that the field Agµ(x) is
completely determined by the form of the path which connects the starting and final points.
Moreover, using (11) and (13), one obtains the property:
Pexp
{
ig
x∫
x0
dω ·Ag(ω)
}
= g−1(x)Pexp
{
ig
x∫
x0
dω ·A(ω)
}
g(x0). (14)
Then, if we insert (13) into (11), we arrive at
Agµ(x) =
∫
P(x0,x)
dzα
∂zβ
∂xµ
g−1(z)Gαβ(z|A)g(z) =
∫
P(x0,x)
dzα
∂zβ
∂xµ
Gαβ(z|Ag), (15)
where
Gαβ(z|Ag) ≡ Ggαβ(z) = g−1(z)Gαβ(z|A)g(z) (16)
The contour gauge condition demands that g(x) is equal to unity for all x belonging to the base,
i.e.
[x, x0]
def
= Pexp
{
ig
x∫
x0
dω ·A(ω)
}
= 1, ∀x ∈ R4. (17)
Therefore, within the contour gauge, the field Agµ (see, (15)) becomes
Ac.g.µ (x) =
∫
P(x0,x)
dzα
∂zβ
∂xµ
Gαβ(z|Ac.g.), (18)
i.e. the gluon field Agµ is a linear functional of the tensor Gµν .
5. Conclusions
To conclude we derive the gauge invariant meson-induced DY hadron tensor with the essential
spin transversity and primordial transverse momenta. Our calculation includes both the
standard-like, which is well-known, and nonstandard-like diagram, which is first found in [4],
contributions. The latter contribution plays a crucial role for the gauge invariance.
We study the case of pion distribution amplitudes which has been projected onto the chiral-
odd combination. The latter singles out the chiral-odd parton distribution inside nucleons. The
chiral-odd tensor combinations are very relevant for the future experiments implemented by
COMPASS [7]. We predict a new single transverse spin asymmetry which can be measured
experimentally, for example, by SPD@NICA. The latter asymmetry can eventually be treated as
a signal for the transverse “primordial” momentum dependence which probes both gluon poles
and time-odd functions.
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